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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to a method ofcontrolling the operation ofa vehicle according to the preambleofclaim 1. 
[0002) Heavy vehicles typically include a nnulti-speed transmission controlled by a manual stick shift. An engine 
drives the transmission through a selectively-actuated clutch. The operator selects one of several transmission speeds 
to result In various speed ratios between Input from the engine and the output speed of the transmission. . 
[0003] In trucks there are typically ten or more different speed ratios available In a transmission. In shifting between 

10 the speed ratios, an operator may sometime sequentially pass rapidly through the several speeds. As an example an 
operator speeding up the vehicle may quickly pass through many of the gears In rapid succession. 
[0004] The operation typically required to smoothly shift a tnjck transmission is relatively complex. Initially, a driver 
actuates the clutch to eliminate the torque transmission from the engine to the transmission. Transmissions are typically 
shifted between different speed ratios by sliding one toothed member relative to another. While torque Is transmitted, 

IS there is a high torque load on the toothed members resisting any such movement. The clutch interrupts or breal<s the 
torque transmission such that the operator Is able to move the toothed members relative to each other. Thus, the driver 
actuates the dutch and moves the gears relative to each other to a neutral position. The driver then typically releases 
the clutch and attempts to synchronize the speed of the engine with the speed necessary at the next selected speed 
ratio to achieve a synchronous or smooth and continuous speed at the transmission output. That is, the driver attempts 

20 to achieve an engine input speed that matches the new speed ratio. If this does not occur, there Is a "jerkiness" at the 
engagement of the new gear that Is transmitted into uneven travel speed forthe vehicle, and grinding of the transmission 
elements. A good deal of operator experience Is required to even approximate synchronization of the speed ratio. If 
the driver cannot approximate the speed the shift cannot be completed. Moreover, the speed synchronization typically 
cannot be achieved identically and the operator again actuates the clutch as the new gear is being engaged. This multi- 

25 step method of shifting gears is relatively complex. Further it relies upon an experienced operator who has a feel for 
the desired speed at the next selected gear. As vehicles become equipped with additional controls for other driving 
operations, operators are required to perform more complicated operation steps. A typical truck driver today is also 
less experienced than in the past. These inexperienced operators will often lack sufficient experience for the speed 
synchronization and steps required to shift as described above. 

30 [0005] The prior art has proposed systems that attempt to predict the engine speed that would be necessary at the 
next speed ratio and begin to move the engine speed to the desired speed to achieve speed synchronization. These 
systems have also proposed eliminating the need for actuating the clutch to move the transmission to neutral by meas- 
uring and attempting to achieve a zero torque speed for the engine. That is, there is an engine condition at which there 
Is no torque transmitted to the transmission. At that condition, the operator will theoretically be able to move the gear 

35 out of engagement since no torque is holding the members in place. 

[0006] These systems have typically been more "proposed" systems rather than practical production systems. One 
major failing of these systems Is that It is difficult to identically measure or predict the zero torque condition or the 
synchronization speed. Also, the required torque meter would be expensive and difficult to maintain. Instead, both 
change with time. Moreover, the proposed systems generally assume that the engine control will always know what 

•«o speed the transmission is in. in many of these systems, the operator Is not provided with the ability to selectively use 
the clutch and complete a transmission shift manually as in the prior art. it is important to leave the operator with that 
optton. 

[0007] Also, the proposed prior art systems have not provided an operator with the ability to skip shift, or perform 
several shifts at once. The controls proposed in the prior art are not equipped to handle such a multiple shift and still 
45 synchronize speed. 

[0008] There is also Inadequate fault detection on the signals that an operator may send to the control. In any system 
that modifies the speed of the vehicle without operator control, it Is most important to have fault detections on the 
signals that actuate the system. The prior art has not adequately provided fault detection. 

[0009] In addition, the prior art has not proposed systems thai will decelerate the engine rapidly when necessary. It 
50 is easier to rapidly increase the engine speed than to rapidly decrease the engine speed, as decreasing engine speed 
requires the elimination of rotational momentum. Full engine power is available to speed up, while friction must achieve 
most of the speed decrease. One cannot move engine fueling to a negative value. 

[0010] Moreover, the proposed systems do not adequately allow for rniscommunlcatlon between the operator and 
the control. A practical system must continue to monitor operator inputs during synchronization and assist the operator 
55 in shifting as necessary. 

[0011] The prior art has not proposed a system that will have sufflclent Information relative to the current state of the 
transmlssksn. A system should not modify engine speed until the transmission is in neutral. If the transmission is In 
gear and the engine control begins to increase the speed to synchronize the engine speed, the vehicle speed would 
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increase unexpectedly. This would of course be undesirable. While recognizing this requirement, the prior art systems 
have not provided sufficient feedback and fail-safe monitoring of the state of the transmission. 
[0012J US-A-4,648,290 shows the closest prior art. The method disclosed therein uses a system where the gear 
changes within the transmission are effected by an automated system in response to movement of a shift indicator 

5 lever. A manual upshift or downshift is not provided. The Itnown system is capable of determining an allowable range 
of potential shifts, it, however, does not predict the next expected shift. Upon determining permissibly engaged gear 
ratios of the transmission under sensed vehicle operating condition, a sensing operation is provided according to which 
the manual shift selection lever including the direction of movement of the lever and the number of displacements of 
the lever are sensed. It is, therefore, an object of the present invention to provide a simple method of controlling the 

10 operation of a vehicle which allows manual upshift or downshift. 
[0013] This object is achieved by a method according to claim 1 . 

SUMMARY OF THE INVENTION 

IS [0014] The method according to the invention uses an electronic control unit for the engine which monitors system 
variables, and receives operator input signals. While only a single control is disclosed, the Invention does extend to 
separate controls for the several Inventive systems. An operator provides the electronic control unit with a prediction 
of whether the next shift Is likely to be an upshift or a downshift. Further, the operator Is provided with a switch to 
request torque elimination to move the transmission to neutral. 

20 [0015] The electronic control unit periodically monitors the output speed of the engine and the output speed of the 
transmission to define a current speed ratio. That cun-ent speed ratio is compared to expected ratios in a look-up table. 
The electronic control unit periodically stores and updates the currently engaged gear based upon this comparison. 
The operator switch Is also monitored by the electronic control unit, and a next expected gear Is defined based upon 
the operator shift intent and the currently engaged gear. Once the transmission Is moved to neutral, the electronic 

25 control unit determines the next expected gear, searches the look-up table for the speed ratio at that gear, and then 
defines a synchronization or desired engine speed by multiplying the transmission output speed by the next expected 
speed ratio. 

[0016] When a torque elimination request is received by the electronic control unit, a predicted zero torque parameter 
is determined based upon several system variables. Preferably, engine fueling is the parameter that is utilized. The 

30 predicted zero torque fueling Is a very reliable method of identifying the zero torque fueling. The prior art system of 
monitoring the torque is somewhat Impractical. A "dithering" or variation above and below the predicted zero torque 
fueling is also used. With dithering, the actual engine fueling periodically crosses the actual zero torque fueling. At any 
one of those repeated crossings, the operator will be able to move the transmission to neutral. 
[0017] An Inventive neutral switch provides the operator with a positive signal of when the transmission Is engaged, 

35 and a second positive signal of when the transmission is in neutral. The eleotronk: control unit waits until it receives a 
positive signal that the transmission is in neutral before it begins to modify the engine speed to the desired synchro- 
nization speed. Moreover, fault detection techniques are incorporated into the electronfc control unit to ensure that the 
proper sequence and timing between receipt of the gear-engage and neutral switch signals. The fault detection tech- 
niques are also Inventive. 

40 [0018] If the shift is an upshift, the electronic control unit must rapidly decrease the engine speed to the speed that 
will be necessary at the next selected gear. To accomplish this rapid deceleration the electronic control unit actuates 
an engine speed retardation system. In one example, the electronic control unit may actuate an engine braking sub- 
system. The engine braking subsystem absorbs power otherwise delivered to the engine output shaft, and hence 
decreases speed. Alternatively, additional loads may be placed on the engine shaft such as the actuation of a fan. an 

IS exhaust brake valve or the shunting of power to an alternator. 

[0019] Once the electronic control unit has determined the synchronization speed, a small offset is added to the 
speed such that the desired engine speed is not identical to the synchronization speed. It is possible that if the engine 
speed was identical to the synchronization speed, and the teeth on the members to be engaged were slightly out of 
alignment, the teeth would never be brought into alignment. With the small offeet between the speeds, any difference 

50 between the position of the gear teeth is quickly compensated for as the operator begins to re-engage the gears. 
[0020] In addition, the engine speed is preferably varied above and below the predicted synchronization speed as 
the transmission begins to move towards an engaged position. In this way, the system will ensure that the engine 
speed will periodically cross the actual synchronization speed and the driver will be able to re-engage the gear 
[0021] In another aspect of this invention, the operator is provided with the ability to change the shift Intent after the 

55 transmission is in neutral. If the driver changes the shift intent once the transmission is in neutral, the electronic control 
unH recalculates the next gear. The speed synchronization then begins again, and the operator moves the transmission 
to the new gear. The system may limit the number of direction changes. If multiple changes of the shift intent exceed 
the limit, the electronic control unit returns the control of the engine to the operator. 
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[0022] In another operation, the electronic control unit provides a "second cliance" to select a gear for the operator 
to complete a shift. This ability is actuated once a timer to synchronize speed and engage the gear expires, or if 
movement to neutral relied upon the clutch. Once the transmission is in neutral and the other conditions are met, if the 
operator is having difficulty completing the shift, the operator is able to actuate the torque elimination request switch 
to request assistance. The electronic control unit reads this signal as a request for second chance shift assistance. 
The electronic control unit Identifies an ideal gear based upon the transmission speed, the prior gear, and other system 
operations. The electronic control unit then drives the synchronization speed to the speed which would be required at 
that gear. Tiie operator must manually find the gear. There is no limit to the times an operator can request second- 
chance shifting. 

[0023] These and other features of the present Invention will be best understood firom the following specification and 
drawings, of which the following is a brief description. 

BRIEF DESCRIPTION OF THE DRAWING 

[0024] Figure 1A Is a schematic view of an overall system for accomplishing the present Invention. 

[0025] Figure 1B shows a portion of the Figure 1 A transmission. 

[0026] Figure 2 is a schematic flowchart of the main features of this Invention. 

[0027] Figure 3 Is a graph showing one aspect of the present Invention. 

[0028] Figure 4A Is a graph showing another feature of the present Invention. 

[0029] Figure 4B Is a graph showing another feature of the present Invention. 

[0030] Figu re 5 shows a detail of a transmission range shift system. 

[0031] Figure 6A shows a detail ofa switch for use with the present invention. 

[0032] Figure 6B shows other details of the switch. 

[0033] Figure 7 Is a circuit for providing operator signals. 

[0034] Figure 8 shows a neutral switch feature. 

[0035] Figure 9 shows the feature of Figure 8 in a subsequent position. 

[0036] Figure 10 shows the feature of Figure 9 in a subsequent position. 

[0037] Figure 11 shows a detail of a standard transmission. 

(00381 Figure 12 shows another detail of the transmission shown In Figure 11. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0039J A vehicle drive 20 Is Illustrated In Figure 1A. A manual sticl< shift 22 allows an operator to change a speed 
ratio between an engine and a transmission output among the several speed ratios shown by diagram 24. A shift assist 
system switch 26 allows an operator to enable or disable an engine control system for assisting In shifting the manual 
transmission between the speed ratios. An operator input switch 28 allows an operator to provide an indication of the 
next gear shift, and also to request assistance in moving the transmission to neutral. Multi-speed transmission 30 may 
be of a type known in the art, and Includes toothed members which slide relative to each other to engage any one of 
several speed ratios. 

[0040] An engine 29 has an electronic control 31 controlling the speed of the engine at the output shaft 32. Although 
this Invention discloses a signal engine control for normal operation and for assisted shifting, separate controllers may 
be used. Also, some of the subsystems may be controlled by separate controllers. An engine braking subsystem 33 
shown schematically, may be incorporated Into the engine 29. In known engine braking subsystems, the outlet valves 
on selected one of the piston cylinders in the engines are opened near the end of the compression stroke. The com- 
pressed gas escapes. The engine braking absorbs power from the engine to compress the gas prior to release. In this 
way, the speed at the engine output shaft 32 is reduced. Engine braking has typically been utilized to assist a heavy 
truck in braking to stop or when traveling downhill. The inventive system incorporates engine braking as a speed 
retardation feature on an upshift to allow rapid reduction of engine speed. As an alternative or a complement to engine 
braking 33, the electronic control unit 31 may also selectively actuates other loads to drain power from the engine 29. 
As one example, a fan 34 may be actuated. In other examples, transmission braking exhaust valves may be actuated 
or a shunt resistor could be actuated to an alternator to dissipate power from the engine. Other types of additional 
loads on the engine, may also be incorporated into this aspect of the Invention. 

[0041] The electronic control unit typically controls the output speed of the engine output shaft 32 by means such 
as controlling the fuel flowing through fuel injector 35. The algorithms and controls for this feature are known. A standard 
engine control available from Detroit Diesel Corporation under the trade name DDEC III may be utilized, and modified 
to provide the Inventive aspects of this Invention. 

[0042] A clutch 36 Is selectively actuated by the operator and transmits or breaks transmission drive from engine 
shaft 32 to transmission Input shaft 37. Transmission 30 Includes a plurality of speed ratios that change the ratio of 
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the speed at input shaft 37 relative to output shaft 38. As shown, electronic control unit 31 receives a signal of the 
speed of shaft 32, shaft 38, and also a signal 39 indicating whether the transmission is in a gear-engaged mode or In 
a neutral mode. The details of signal 39 will be shown in greater detail below. The electronic control unit 31 also receives 
other inputs such as accelerator position and bral<e and clutch pedal condition. 

5 [0043] Transmission 30 may be of the type including a yoke 40 which slides a toothed collar 41 relative to a selected 
gear 42. There are typically several gears 42 that are selectively connected by collar 41 to drive output shaft 38. By 
selecting a certain gear 42 an operator is able to select a desired speed ratio between the shafts 37 end 38. As shown, 
the transmission is engaged. Rotational drive is transmitted to the shaft 38 through the engaged gear 42. Thus, there 
is a high-torque load preventing sliding movement of the collar 41 relative to the gear 42, as would be required to move 

' 0 the transmission to neutral and begin movement towards a newly selected gear. The present invention addressed this 
torque load as described below. 

[0044] Transmissions typically have several gears 42, any of which may be selected to provide a particular speed 
ratio. Rather than having upwards often individual gears, transmissions typically have a high and low range. The high 
and low ranges allow each gear 42 to be driven at a low speed and a high speed, thus effectively multiplying by two 
IS the number of speed ratios available for transmission 30. A dash display 43 may display the engaged gear and other 
information as described below. 

[0045] A range shift mechanism 44 is illustrated schematically In this figure, and will be described in greater detail 
below. Control solenoids 45 for affecting range shifting through mechanism 44 are controlled by the electronic control 
unit 31. 

zo [0046] As shown in Figure 1B, there are two aspects of shifting a transmission that typically require operation of the 
clutch 36. One type of transmission is illustrated in Figure lAand 18, but the present invention would extend to other 
types of manual transmissions. First, as can be visualized between Figures 1A and IB, when shift collar 41 is engaged 
on gear 42, teeth 41t on the shift collar 41 engage teeth 42t on the gear 42. 

[0047] When teeth 41t are engaged with the teeth 42t rotational drive Is transmitted from gear 42 to shaft 38. This 
25 creates a high-torque load on collar 41 and gear 42. The collar 41 Is Illustrated in a neutral position in Figure IB, with 
neither gear 42 engaged. To begin movement between the two gears 42 to affect a speed change, collar 41 must 
initially be brought out of engagement from the Figure 1A position to the Figure IB position. However the high-torque 
load resists disengagement of teeth 41 from the teeth 42t. 

[0048] Moreover, when reengaging collar 41 with a gear 42, an operator must attempt to synchronize the speed of 

30 gear 42 and collar 41 as collar 41 approaches the gear for engagement. The several gears 42 are all rotating at a 
speed dependent on the input speed from the engine. The gears 42 are all rotating, however, at different speeds relative 
to each other. To achieve as smooth a ride as possible, the speed ratio on the shaft 38 should be relatively constant 
during a transmission shift. After a transmission shift the collar 41 rapidly moves to the speed of the newly engaged 
gear 42. Also, if the collar 41 and the newly engaged gear are not at approximately the same speed it is difficult to 

35 engage the new gear. As such, It would be desirable to synchronize the speed of the gear 42 that is to be engaged 
with the output speed of the transmission 42, such that when the teeth 41 J are brought into engagement with the teeth 
42t, thsy are rotating at approximately the same speed. There will be little grinding on the teeth, and further the speed 
ratio on the transmission output shaft 38 Is relatively constant such that the drive Is relatively smooth. Also, the operator 
will not need to use the clutch to re-engage the transmission. 

40 [0049] Figure 2 Is a flowchart of a system for achieving the above-discussed goals. The electronic control unit 31 
monitors the speed of the engine output shaft 32 and the speed of the transmission output 38 to determine a currently 
engaged gear. The electronic control unit 31 makes this determination by monitoring the actual speed ratio and com- 
paring that actual ratio to expected ratios in a look-up table. The look up table of the transmission speed ratios is 
preferably stored and accessible to the electronic central unit. Alternatively, an equation based determination may be 

45 used. If there Is a match, the electronic control unit stores the cunrently engaged gear. The "match" preferably anticipates 
a margin of error or range of values for each gear. If the periodic monitoring indicates that the engaged gear changes, 
the stored currently engaged gear is updated. Since the present invention allows an operator to disable the system 
through on/off switch 26, it is possible that an electronic control unit would be unable to easily "remember" the gear- 
engaged based solely on counting shifts. The present Invention allows an operator to complete shifting without the 

50 control by utilizing a clutch. As such, the periodic monitoring of the currently-engaged gear provides more accurate 
information. 

[0050] When an operator begins to actuate a speed ratio change, the operator may request torque elimination through 
switch 28. If the operator requests torque elimination, the electronic control unit predicts a zero torque engine parameter, 
such as fueling and begins to drive the engine to that fueling. The operator begins to move the gears out of engagement, 
55 and when the engine fueling is at the zero torque fueling, the operator will be able to easily move the transmission 
gears out of engagement. As will be described in more detail below, the transmission is provided with a signal 39 when 
the transmission is engaged and when in neutral. Once the gears are out of engagement, the electronic control unit 
will receive a signal 39 that the transmission is now in neutral. Moreover, given the details of the neutral switch for use 
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with this invention the eiectronic control unit will have an Indication of a transition period between the neutral and 
engaged positions. 

[0051 ] A tinner is set that counts the time from the request for torque elimination until movement to neutral. The timer 
is stopped when a signal is received that the transmission is in neutral. After an expiration of a predetermined period 

s of time, torque or fueling modification is stopped If there is no movement to neutral. Moreover, should the operator 
reactuate the torque elimination request while the fueling modification is ongoing, the timer will be reset. This periodic 
reactuatlon of the torque elimination request signal allows an operator to Indicate a "skip shift" as set forth below. If 
repeated actuation of the torque elimination request switch occurs after expiration of the timer, the transmission Is In 
neutral, and other conditions are present, then the repeated actuation might be read as a request for second chance 

10 assistance as described below. 

[0052] The operator may also move the transmission to neutral without utilizing the torque elimination request. An 
experienced operator may be able to achieve or approximate the zero torque load by utilizing the accelerator or the 
cruise control. In such cases, the electronic control unit 31 operates as with assisted movement to neutral to synchronize 
speed. If the operator does utilize the clutch to move toward neutral, then the speed synchronization Is preferably not 

15 applied for that shift. Alternatively, the clutch may be used in some systems to move to neutral and still allow synchro- 
nization. 

[0053] The electronic control unit then determines the next speed ratio to be engaged. A up or down shift Intent signal 
is received from the operator Input swHch 28. The torque request portion of the operator input swrtch can also be 
repeatedly actuated as described below to indicate that multiple shifts might occur at one time. This practice of so- 
20 called "skip shifting" occurs when an operator may shift through two or three gears on one shift movement. If the 
electronic control unit receives a signal that a multiple shift will occur, the next gear ratio is determined based upon 
adding the number of nuiltiple shifts to the currently engaged gear. Moreover, the electronic control unit determines 
whether a range shift will be necessary based upon the next expected gear by comparing the currently engaged gear 
to the next expected gear. 

2S [0054] The electronic control unit then determines the desired engine speed at the next gear to be engaged. This 
calculation la made by comparing the speed ratio at the next expected gear, and multiplying that ratio by the current 
transmission output speed. The speed ratio Is available in the look up table or through equations. This provides a 
desired engine Input speed to achieve a smooth or synchronized shift. 

[0055] The electronk: control unit then begins to control the engine speed to achieve the synchronized desired engine 

30 speed, if a range shift is to occur the electronk; control unit actuates a shift mechanism to shift the range between the 
high and low ranges. As the electronic control unit 31 moves the actual engine speed to approximate the desired speed 
and match the desired speed ratio, the operator will be able to engage the new gear without any unsmooth vehicle 
speed, and without grinding of the gear teeth. The determination of the desired engine speed is an Iterative process 
as transmission speed will continue to change. Once the gear Is engaged, a signal 39 Is sent to the electronic control 

35 unit 31 that the gear is re-engaged. Although a neutral switch Is disclosed, the invention does extend to other types of 
signals. At that time, the electronic control unit returns control of the vehicle speed to the operator. 
[0056] The electronic unit 31 is preferably provided with an algorithm to transition between driver control of the engine 
to the torque elimination when the torque elimination is requested; an algorithm to transition between the torque elim- 
ination speed and the synchronization speed; and, further, an algorithm to transition between speed synchronization 

'to back to the driver controlled speed once the gear is re-engaged. 

[0057] The achievement of the torque ellmlnaUon feature Is Illustrated graphically in Figure 3. I^mp I Is the actual 
engine fueling. The dotted line is the actual zero torque fueling necessary to achieve a zero torque load on the con- 
nection between the engine and transmission. In this invention, the electronic control unit predicts a zero torque fueling 
based upon several system variables. The actual engine fueling Is then varied above and below that predicted value 

15 by a small percent of the predicted value. The predicted value is based on several components as described below. 
By varying the actual engine fueling above and below this predicted value the actual engine fueling will periodically 
cross the actual zero torque fueling, such as at points 0. At any one of those points, the operator will be able to easily 
move the transmission out of engagement to neutral. 

[0058] The predicted zero torque value is calculated based upon several vehicle operation variables weighted by 
so constants. The determination of the constants can be achieved by real world testing of the particular unit that is to 
incorporate the electronic control unit, and may vary with the engine transmission or other system components. 
[0059] In a most preferred embodiment of this invention, the predicted zero torque speed Is determined as follows: 

predicted zero torque value = ft-lctlon torque component + unbalanced 
torque component + cold torque adjustment -•- fan loss adjustment 
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an air conditioning load factor + dither torque + torque offset. 

[0060] The friction torque component is a function of the engine speed, and is determined from a tabulated lool<-up 

s table of the friction influence at various engine speeds. The friction torque component is the main component of the 
predicted zero torque speed. It Is possible that only this component would be necessary, particularly because of the 
variation. The component Includes an amount arrived at for a particular engine speed. The look-up table could be 
prepared by driving an engine with a torque gauge on the output of the engine, and varying the engine speed. The 
torque Is read and the table is prepared assuming other variables to be constant. 

to [0061] The unbalanced torque is defined by the engine Inertia multiplied by the gear ratio at the presently-engaged 
gear, multiplied by the acceleration of the transmission output. Preferably, acceleration of the speed of the transmission 
output is filtered using an acceleration filter constant. The engine inertia factor is determined by running the engine 
with the transmission in neutral at a high speed and then releasing the accelerator. The effect of this acceleration on 
the torque is then used to determine an engine inertia constant. 

IS [0062] The cold temperature adjustment takes Into account that the torque required to drive a cold engine will be 
greater than a warm engine. Oil is more viscous when cold. The cold torque adjustment includes a constant multiplied 
by the oil temperature, multiplied by a factor related to engine speed. The engine speed factor may be the square of 
the engine speed, or the relationship could be linear. Most preferably, It Is a linear relationship. 
[0063] The fan loss is also determined by a constant times a factor related to the engine speed. This factor may be 

20 the engine speed squared, or couid be a linear factor. IVIost preferably, the relationship is squared. If the fan Is off, this 
component Is set at zero. 

[0064] The air conditioning load value may be a constant determined by running the engine with the air conditioning 
on and determining the additional torque required to power the air conditioner. The air conditioning load constant may 
be added or not added dependent on whether the ECU senses the air conditioning Is on or off. Alternatively, the air 
25 conditioning load might also be dependent on speed in some applications. 

[0065] The constants for the cold temperature adjustment and the fan loss are also determined by maintaining all 
other variables constant and determining the torque as the particular variables change. In this way, the constants are 
determined and programmed into the electronic control unit. 

[0066] One main feature of the present Invention is the realization that a predicted or measured zero torque speed 
30 will often be Inaccurate. Moreover, the zero torque engine speed changes with time, and any measurement or calcu- 
lation will possibly be Inaccurate by the time the actual engine speed has been adjusted. The present Invention rec- 
ognizes and addresses this problem by varying the engine speed above and below the predicted zero torque engine 
speed. 

[0067] The dither factor Incorporates the variation above and below the predicted value as discussed above. Pref- 
3S erably, the dither value varies a small percentage of the predicted value (in one example four percent) both below and 
above the predicted value. Most preferably, the dither is incorporated into the engine fueling in a saw tooth fashion, 
such that the engine speed begins on one side of the predicted value, moving up from the greatest amount of dither 
to cross the predicted engine speed, and then continues on a single slope to the other extreme. The engine fueling 
then returns to the. initial point such that the profile of the engine fueling has a ramp on a front end and then a direct 
40 downward component on the other end as shown in Figure 3. In this way, the profile will cross the actual zero torque 
value more frequently As an example, as shown in Figure 3, the profile repeatedly crosses the actual zero torque 
value at points 0. If the front end of the profile did not recently cross the actual zero torque value, it is unlikely that 
simply returning the profile back at an angle towards the lower-most point, would result in a crossing of the zero torque 
value until near the end of the ramp. Stated another way, if the end of the ramp labeled "1" does not cross the actual 
45 zero torque value above the predicted value, it is unlikely that the return, if ramped, would cross the zero torque value 
until It reached below the predicted value. For that reason, the saw tooth shape utilized In this Invention that returns 
the profile directly downwardly to its Initial point after reaching the upper-most point, is most likely to have frequent 
crossings of the actual zero torque value. A look-up table with a column for time-based variation is used to obtain the 
changing dither amounts. 

so [0068] Preferably, the dither factor is only utilized when one gets close to the predicted value. As one alternative, a 
"blip" may be utilized immediately after receipt of the request for torque elimination. The blip would Increase the torque 
load momentarily, and then drop the torque load down to Include the dither value and the transition toward the predicted 
zero torque value. This torque would assist in moving the system to a condition such that the zero torque value would 
not require a negative fueling. A negative fueling is of course not possible, and thus by utilizing the blip, the possibility 

55 of a negative fueling requirement may be eliminated. In addition. It may be desirable that the transition from the operator 
control to the zero torque value not be achieved with constant change, but rather than an exponential decay be utilized. 
The exponential decay may have some beneficial results In achieving the actual zero torque value more rapidly. After 
a set time, the dither Is actuated as described above. The time constant for ending the exponential decay and beginning 
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the dither, and also the frequency of the dither may vary with the gear ratio. Moreover, those factors may vary with the 
range of the transmission. 

[00691 As an alternative to the saw tooth profile, a ramp up and then a ramp bacl< down, or sinusoidal relationship 
maybe utilized. ' . ^ 

s [0070] Finally, the time between the Initiation of the torque reduction and the beginning of the dithering may also 
vary with the amount of driver force on the accelerator. If the driver is accelerating the vehicle when the control switches 
to the ECU from the driver, there is typically a high torque load at the Initiation of the torque reduction. In such a case. 
It may be desirable to not start dithering for a relatively long period of time compared to situations where there Is a 
lower torque load. ^ , 

10 [0071] The torque offset factor is a set amount that is offset from the calculated value using the above formula. The 
offset is determined experimentally once the other components have been calculated. If the final system with the 
variables and constants calculated as described above has a relatively constant offset above or below the actual torque 
value, the torque offset factor is added to bring the predicted value closer to the actual torque values. Moreover, the 
offset preferably results in a reduction in vehicle speed, rather than an Increase In vehicle speed. Although it Is antlc- 

15 ipated that the transmission will be moved out of gear to neutral soon after the torque elimination is requested, white 
the torque elimination Is ongoing the transmission Is still In gear. As such, It would be preferable to err on the lower 
side rather than on the high side If there Is some question as to which ofthe two would bring the actual fueling closer 
to the actual zero torque fueling. 

[0072] Once the transmission is out of engagement, the electronic control unit begins to synchronize the engine input 
20 speed with that necessary for the current transmission output speed. As shown in Figure 4A, this synchronization 
requires a rapid change in engine speed. Figure 4A is a graph of engine speed relative to transmission speed at gears 
1-4, The graph Is an over-simplification, however, it does illustrate the main reason that speed synchronization Is 
required. As shown, as engine speed increases in any one gear, the transmission output speed Increases. At some 
point, that engine speed approaches an unduly high or low vaiue, and at that point a shift is desirable. Thus, as shown 
25 at gear 1 , the engine speed Increases as does the transmission speed to a point where the operator has completed a 
shift to gear 2. To match the transmission speed ratio at gear 2 from that which was delivered at gear 1 prior to the 
shift, the engine speed should be reduced by an amount d. On the other hand, when downshifting from gear 2 to gear 
1 , the engine speed must be Increased by that same amount d. It Is this modification ofthe engine speed to match the 
desired gear ratio that is the synchronization described above. 
30 [0073] Figure 4B shows the actual engine speed being moved towards the actual synchronization speed based upon 
the transmission output. The actual engine speed Includes an offset below the synchronization speed that would be 
calculated based upon the ratio. This offset Is desirable since In the absence of an offset, should the gear teeth of the 
members to be engaged be slightly out of sync, and should the speeds be Identically matched, It may not be possible 
to engage the gears easily. In addition, once the electronic control unit receives the signal from the inventive neutral 
35 switch that the transmission has moved out of full neutral and towards a transition to gear-engaged, the electronic 
control unit 31 preferably begins to dither or vary the speed above and below the predicted synchronization speed. As 
with the variation provided for the torque elimination, this variation will ensure that the actual engine speed will peri- 
odically match that necessary for actual synchronization of speed ratios. Since Ihe transmission speed is changing 
during this adjustment, the desired engine speed must be repeatedly calculated and adjusted to match the desired ratio. 
40 [0074] As the speed Is synchronized to approach that required for actual synchronization, the operator is able to 
easily move the transmission members to engagement. While this movement Is going on, the electronic control unit is 
monitoring the time It has required to engage the gear, and further other system signals. In particular, the electronic 
control unit starts a synchronization timer once the transmission Is in neutral. The timer has a time identified to be more 
than would be required to complete the shift. When the synchronization timer has expired, a fault is identified and 
45 control ofthe engine is returned to the operator. In addition, if the electronic control unit 31 senses that the dutch has 
been actuated, either after movement to neutral, or as an alternative to the torque elimination feature, the electronic 
control unit returns control of the engine to the operator. If the Intent switch changes, as wll be described below, the 
electronic control unit ends the drive to the predetermined synchronization speed. Also, if the on/off switch 26 is off, 
the electronic control unit leaves control with the operator. In a completed shift, control returns to the operator once a 
50 signal Is received that the transmission is engaged in the new gear. 

[0075] Figure 5 shows details of the range shift mechanism 44. This mechanism is as l«nown in the art, and Its 
operation will only be briefly described. A piston 46 defines two opposed fluid chambers 47 and 48. By selectively 
directing pressurized air to one of those two chambers, piston 46 can be caused to reciprocate. The electronic control 
unit 31 controls solenoid valves 45 to control the flow of pressurized air to the chambers 47 and 48. That aspect is 
55 important, although the mechanical details of the range shifting are as Icnown in the art. Other types of range shift 
mechanisms could be utilized within the teachings of this invention. 

[0076] A ring 50 slides a yol<e 52 to move a collar 54. Collar 54 Is shown engaging a gear 56 in the solid line position. 
Collar 54 is l<eyed to rotate with an output shaft 58. In the illustrated posHion shown in solid line, gear 56 drives collar 
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54 which in turn drives shaft 58. Coilar 52 can also be moved to a position to the left In Figure 5, as shown at 60 in 
phantom. At position 60, collar 54 no longer engages gear 56. Instead, collar 54 engages gear 64. Gear 64 is connected 
to be driven by the Input shaft 66 from the main transmission. Shaft 66 typically drives gear 64, which drives counter 
shaft 68 through gear 69. Gear 70 is driven by counter shaft 68 to rotate gear 56. Range shifting is provided by selectively 
5 actuating a gear reduction through counter shaft 68, or disabling that gear reduction to the output shaft 38. In the solid 
line position, since gear 56 drives collar 54, the gear reduction Is provided through the gears 69, 70 and 56. The solid 
line position is the low-speed range of the transmission. In the phantom position, the shaft 38 is constrained to rotate 
directly by gear 64. Thus, the gear reduction described above Is not provided and the transmission operates at the 
high range of speed. 

10 [0077] The ECU 31 determines when a range shift is necessary and selectively actuates the solenoid valves 45. The 
valves are driven to alternatively connect pressurized air to one side of piston 46 , and to connect a dump-to-atmosphere 
to the other side of piston 46. By alternating the connection of pressurized air to one side of the piston 46, the range 
shifting can be controlled. Preferably the range shifting is initiated soon after the neutral signal is received by the ECU 
31. The range shifting must occur when the transmission is In neutral. Further safeguards for ensuring that the range 

IS shifting does not take so long such that the gear Is engaged are Included. 

[0078] The range shift may be initialed a short time after the speed synchronization has begun. As an example, the 
range shift may be triggered to be actuated once the speed synchronization has changed the engine speed by a set 
amount, such as 100 r.p.m. 

[0079] As the speed synchronization continues, the ECU 31 monitors whether the range shift has been completed. 

20 A range shift timer is started which provides sufficient time for completing the range shift. If the operator begins to 
move the gear toward engagement (i.e., out of full neutral), and the range shift time has not yet expired, then the ECU 
31 adds an offset onto the engine synchronization speed to eliminate tooth butting as the range shift is completed. As 
an example, an offset of some fixed number of r.p.m.'s can be added to the engine speed to prevent the problem of 
the gear teeth being offset, but In synch, as the range shift Is completed. 

2S [0080] If the on/off switch 26 is off, then the shift intent switch 28 orders a range shift. The upshift Intent direction 
may be read as a direction to change the range to high, while the downshift direction may be read as a command to 
change the range to low. The range shift is completed once the operator has moved the transmission to neutral. 
[0081] A logic may allow shift direction indication even without a switch, such as switch 28. By monitoring the speed 
of the engine and other factors, such as accelerator or bral<e position or status, the ECU 31 may be able to predict 

30 whether an upshift or a downshift is indicated. As an example, if the engine speed is above a certain threshold, an 
upshift could be expected, while if the engine speed is below a certain threshold, then a downshift could be expected. 
[0082] Figures 6A and 6B show a switch 28 for allowing the operator to signal both shift intent and a request for 
torque elimination through a single switch. A switch body 72 rotates about an axis 74 between turn positions, one of 
which 76 is illustrated. A plunger 78 is driven by a spring 79 against two detents 80 or 82 to define two detent positions 

35 for the switch body 72. Once in one of the two detents 80 or 82, the plunger 78 holds the switch body 72 until an 
operator moves the switch body to the other position. A circuit is completed through a contact 87 when the switch 85 
body Is In one of the two positions. Contact 87 rides in a cam 85 that is spaced into the plane of the paper tn Figure 
6A. Most preferably, in one of the two positions a circuit Is completed through the contact 87, while In the other position 
no circuit Is completed. The electronic control unit determines the position of switch body 72 by reading whether a 

40 signal Is provided or whether no signal is provided. The electronic control unit associates the on or off state of the 
contact 87 as either an upshift intent or a downshift intent. 

[0083] In either of the two positions, the switch may be moved beyond the upshift or downshift intent position a small 
additional rotational amount to a position such as that shown at 89 in phantom. At that position, the plunger 78 rides 
up the surface of the detent 80. When an operator releases the switch body 72 from position 89, the plunger will drive 

45 the switch body back to the illustrated intent position. In request position 89, the contact 88 is driven to position 90 by 
the ramps 84 and 86. At positton 90, a ball contact 92 Is driven downwardly completing a circuit within a switch box 
94. A similar switch box Is actuated by contact 87 when in the "on" position as described above, in the second intent 
position opposed from position 76, the switch would also be able to be rotated to the torque elimination, and the sanie 
circuit would be completed through ball 92. Thus, switch 28 provides a signal of whether an upshift or a downshift is 

so Intended, and selectively can send a torque elimination request signal. The electronic control unit is also counting the 
amount of torque elimination request signals received at any one time. The operator is able to direct the electronic 
control unit to facilitate skip or multiple shifting by repeatedly actuating the torque elimination request button. Thus, if 
an operator is to move up three gears on the next shift that operator will actuate the torque eliminatton request switch 
three times from the upshift position. The electronic control unit will then know that the next gear to be engaged is three 

55 higher than the currently engaged gear. 

10084] A system for detecting a fault on the operator signal is described with reference to Figure 7. As shown in 
Figure 7, individual resistors are placed on a single input line to the ECU 31 from the three switch functions that are 
mounted within the stick shift 22. In particular, a first resistance R1 is applied when the shift intent switch Is open. If 
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there is no shift intent signal, then this resistance will be a portion of the combined analog signal delivered to the ECU 
31. If however, the shift intent signal Is Iri the on position, then the resistance will not be included in the analog signal. 
A second resistance R2 Is mount parallel to the portion of switch 28 forthe torque elimination request. A third resistance 
R3 is connected in parallel with the on/off switch 26. When switch 26 or the request switch are open, these resistances 

s are applied. Thus, the electronic control unit 31 receives a combined analog signal that may have components of the 
three resistance R1, R2 and R3. By comparing the combined analog signal to possible eignais and their ranges as 
shown in the box in Figure 7, the ECU 31 can determine whether there Is a fault on the signal from the operator Input. 
The table shows gaps between the values for intermediate and several combinations of switches. Due to these gaps, 
the ECU 31 can Identify when the combined signals do not fall within an expected range of anafog value. If the ECU 

10 determines a fauit by the analog signal not falling within an expected value, the electronic control unit does not begin 
synchronization of speed. Rather, a fault is identified, and control Is left with the operator. The auto range control 
preferably stays with the control even If such a fault is identified. When a system Is Incorporated that will take control 
of the engine from the operator, it Is important that there be checks on the quality of the signals. Thus, the above- 
described fault identification provkles valuable benefits. 

f 5 [0085] It is known In the prior art to compare analog signals to possible signals based upon resistances, and determine 
extreme signals as being a fault. It is Important to include Intermediate ranges such as shown In the table of Figure 7. 
The inventive method Is capable of ensuring that operator signals are accurate before controlling the engine as de- 
scribed above. 

[0086] Figure 8 shows details of a neutral switch for providing a signal to the electronic control unit 31 of when the 
20 transmission is in neutral and when the transmission Is in a gear-engaged mode. A neutral shaft 96 moves inwardly 
and outwardly of transmission 30, as the transmission moves between neutral and gear-engaged poslttons. A neutral 
switch 98 includes a housing 1 00 with two extreme axial positions 1 02 and 104. The neutral shaft 96 Includes a forward 
relatively small diameter portion 1 06. A switch plunger 108 Is biased out of housing 100. In this position, the plunger 
108 abuts the extreme end 102 of the housing 100. A circuit Is completed, and a signal is sent to the electronic control 
2S unit that the transmission is In gear-engaged mode. As shown, a similar signal can be sent from the opposed end 104 
which is read as a determination that the gear is in neutral. 

[0087] In Figure 9, the neutral shaft 96 has now moved outwardly relative to the transmission, and switch plunger 
108 has moved away from either extreme end 102 or 104. The electronic control unit reads the lack of any signal 
between the ends 102 or 104 as an Indication that the transmission Is In transition. Fault detectton Is provided by 
30 counting the length of time the transmission Is In this state. In the transition period, a ramped portion 11 0 of the neutral 
pin 96 has moved the plunger 103 away from the extreme end 102. 

[0088] The neutral shaftwith the transmission in neutral is Illustrated In Figure 10. A relatively greater diameter portion 
112 of neutral shaft 96 has now driven the switch plunger 108 to the extreme end 104 of the housing 100. At this 
position, a signal is also sent to the electronic control unit 31 that the transmission is now in neutral. With the neutral 

3S switch, positive signals are sent to the electronic control unit of when the transmission is in neutral and when it is 
engaged. The electronic control unit thus Is able to ensure that the speed modification will not occur until the transmis- 
sion has moved out of engagement with a gear. Moreover, by counting the time between the actuation of the switches 
for gear-engaged and neutral, the electronic control unit can also monitor the operation of the switches. 
[0089] The movement of the switch plunger 108 as shown in Figures 8-10, is more pronounced than might be the 

40 case in an actual production system. It Is envisioned, that the switch plunger might simply move along the ramped 
portion 110, and be at one extreme of ramped portion 110 when In neutral, and. at the other extreme when engaged. 
However, the movement illustrated In Figures 8-1 0 does serve to better illustrate the fact of the movement. Moreover, 
due to dimensional relationships, it may be necessary to include an intermediate pin between the switch plunger 108 
and the neutral shaft 96. 

■IS [0090] Figures 11 and 12 show the known structure for moving the neutral shaft 96. In the prior art the neutral shaft 
was used without the switch to provide a signal to a range shift valve of when the transmission was in neutral. As shown 
in Figure 11 , neutral shaft 96 includes frusto-oonioal portions 114 that are selectively engaged with portions of the shm 
rails 116 to cause movement of the neutral shaft 96. The neutral shaft 96 Is biased to the neutral position shown in 
Figure 11 (and in Figure 10) by spring 118. In the neutral poisltion shown In Figure 11, a recessed portion 122 of the 

50 shift rail 116 is aligned with the frusto-conical portion 114. Thus, the spring 118 is allowed to drive the neutral pin 96 
to the position shown in Figure 10. 

[0091] In Figure 12, the shift rail 116 has now moved to engage a gear. Only one of the shift rails 116 will move from 
the position shown In Figure 11 In a typical engaged positfan. Once the shift rail has moved, the recessed portion 120 
Is no longer aligned with the frusto-conical portion 114. Instead, a larger diameter portion 1 22 is aligned with the frusto- 
55 conical portion 114. This larger portion 1 22 forces the surface 114, and neutral shaft 98 to the right from the position 
shown In Figure 11 . This causes the transition movement shown in Figure 9 from the position shown in Figure 10 to 
the position shown in Figure 8. Again, the structure for moving the neutral shaft Is as known in the art. The invention 
would extend to any mechanical connection that provides a positive indication of when the transmission is engaged 
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and when the transmission is in neutral. 

[0092] There is also fault detection for the neutral switch incorporated into the inventive system. As the neutral shaft 
96 begins to move between the gear-engaged in neutral states, and is in the position shown in Figure 9, there is no 
electric contact, and the ECU 31 does not receive a signal. The ECU 31 now knows if the transmission is in transition 

s between engaged in neutral states. The eiectronic control unit monitois the time between the engaged and neutral 
states to idsntif/ faults. If the transmission is in "transition" for too long, a fault is detected. When such a fault is sensed, 
a counter is incremented. The counter may be decremented by a good shift wherein there is not a transition for too 
long a period of time. A good shift may decrement the counter by a greater number than a bad shift would increase 
the counter. A fault signal could be actuated In the vehicle cab should the number of identified faults indicate that a 

10 trend is beginning to Indicate the switch is failing. That is, if the counter reaches a relatively high number indicating 
that faults are occurring on most shifts, then the signal could be actuated. On certain shifts the operator may himself 
control the operation such that the transmission is in transition for an unusual time. As such, the counter is decremented 
on a good shift. Preferably, even when the counter is decremented the total number of faults is retained in a second 
counter for diagnostic purposes. 

is [0093] On the other hand, if both switches are ever indicated as being engaged, a fault Is also Identified. Speed 
modification is aborted until a determination of the actual state Is complete. In such a case, the speed ratio Is compared 
to expected speed ratios and a determination is made as to whether the transmission is In gear or It Is in neutral based 
upon whether the actual speed ratio matches an expected speed ratio as outlined above. Once this determination is 
complete, speed modification may be initiated. 

20 [0094] Checks on the operation of the neutral switch provide valuable benefits when incorporated into the combined 
system. The electronic control unit is provided with positive signals of neutral and engaged states, and further the 
signals are checl<ed to ensure that they are accurate. 

[0095] Two other aspects of this Invention provide further bacltup controls for an operator. First, an operator is pro- 
vided with the ability to change shift intent after movement to neutral. If the ECU 31 receives a change in the shift intent 

2S signal from switch 23 after movement to neutral, the next expected gear is recalculated along with the synchronization 
speed. Also, any multiple shifts are cancelled. The original synchronization speed is deleted, and the electronic control 
unit begins to drive the engine to the new synchronization speed based upon the changed shift intent. The electronic 
control unit may limit the number of shift intent changes per shift. If more shift intent changes are received by the ECU 
31 than the limit, then the ECU will return control to the operator 

30 [0096] Should an operator have a problem engaging a new gear, the operator is able to request second-chance shift 
assistance through actuation of the torque elimination request portion of switch 28. Should the torque elimination re- 
quest switch 28 be actuated prior to expiration of the timer from a first actuation, then the ECU 31 counts the number 
of actuations and identifies a skip shift, as described above, l-lowever, should a signal be received after the transmission 
Is in neutral, then the signal is read as a request for second chance assistance. Preferably, the signal must also be 

35 received after expiration of the speed synchronization timer. The electronic unit 31 then selects an optimal gear based 
upon the prior engaged gear, the shift Intent, the engine speed, the brake status, and the transmission output speed. 
Essentially, the ECU stores an optimal operating engine r.p.m. value and matches the ratio of that optimal value and 
the transmission output speed to available ratios to find the closest match and identify an optimal gear. The synchro- 
nization speed at that gear Is then determined as outlined above. The electronic control unit will move the engine speed 

40 to the desired speed at that time. The electronic control unit will also move the range to the proper range for the newly 
selected gear at that time. There are no limits to the number of second-chance assistance that can be actuated during 
any one shift. Also, second chance shifting may be used when the clutch has been used for movement to neutral. 
[0097] As an option, during a second chance shift, the display 43 on the dash may identify the newly identified gear, 
and may flash that gear. The operator is thus provided with some direction as to which gear should be engaged. 

45 Moreover, the dash display 43 can identify other faults identified by the system as described above. The dash display 
can also display the next expected gear during routine shift assistance. 

[0098] A further fall back or fault detection system is a "stuck in gear" identification. If the ECU 31 determines that 
the transmission has not been engaged after having Identified a neutral position for a predetermined period of time, 
then the transmission checks to see If the gear Is engaged. The ECU 31 accomplishes this check by checking the 

so actual ratio of the transmission and engine speeds, and comparing that ratio to expected ratios. If there is a match, 
then it is determined that the transmission Is in gear, and that a neutral switch fault has been Identified. 
[0099] Further, if the expected speed is different based on the above test, then the ECU estimates the torque applied 
by the engine, which may be found from the friction torque component as described above, and determines what the 
transmission should be if the transmission is in gear. If that predetermined speed approximates the actual transmission 

55 speed, then a fault or "stuck In gear" situation is identified. 

[0100] If both indicate faults, the electronic control unit returns control of the engine to the operator. 

[0101] The several events that would cause the basic speed synchronization system to abort and return control to 

the operator would also be in effect during second chance shifting or the late change shifting as described above. 
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Should a range shift be in progress during any one of those operations, the ECU 31 will typically complete the range 
shift. If the range shift has not been started, then the range will be left In the current range unless there is evidence 
that the driver is selecting a gear In the other range. One piece of evidence would be that the vehicle or engine speed 
is above any value desirable for the current range. Again, upper or lower thresholds are Identified for each of the several 

s gears, and the system compares the actual speeds to the thresholds to determine whether a range shift is necessary. 
[0102] The engine speed retardation system Is described as receiving a signal of when the upshift is occurring. 
However, the control may be less precise than a positive upshift signal. As an example, if the ECU desired speed is 
much lower than the actual speed, and if the transmission is in neutral, this could be seen as a signal to actuate the 
engine speed retardation system. 

10 [01 03] As set forth above, although a preferred embodiment of this invention does Include a driver shift intent switch, 
the electronic control unit may be modified such that it can predictthe shift direction. Additionally, although this invention 
is disclosed in a manual transmission wherein the transmission elements are moved through mechanical connections, 
the invention would also have application In systems wherein a manual Input from the operator is translated into move- 
ment of the transmlssioh elements through electronic or fluid controls. Also, while the invention achieves all control 
through a single ECU, the electronic control unit as used in this application extends to the use of several separate 
controllers. 

[0104] Other aspects of the proposed system are disclosed in co-pending U.S. Patent Application No. 03/508,135 
entitled "Engine Speed Synchronization System for Assisting a Manual Transmission Shift;" U.S. Patent Application 
No. 08/508,067 entitled "Two-Position Neutral Switch for Multi-Speed Transmission;" U.S. Patent Application No. 
20 08/508,153 entitled "Four-Position Switch for Shift Assist System;" U.S. Patent Application No. 08/507,996 entitled 
"Automatic Range Shift for Multi-Speed Transmission;" U.S. Patent Application No. 08/508,307 entitled "Operator Input 
System for Gear Shift Assist I\/Iechanl8m;" U.S. Patent Application No. 08/508,111 entitled "Engine Speed Retardation 
for Transmission Upshift;" and U.S. Patent Application No. 08/508,155 entitled "li/lethod and Apparatus for /Assisting 
and Shifting to Neutral," The above-listed patent applications are all filed on even date with the present application. 



1. A method of controlling the operation of a vehicle comprising the steps of: 

30 

a) providing an engine (29) having an output shaft (32), an electronic control unit (31) for controlling the speed 
of said engine output shaft, said engine output shaft being connected to drive a multi-speed transmission (24) 
through a clutch (36), and a shift lever (22) for shifting gears In said transmission, said electronic control unit 
being provided with information regarding a determined currently engaged gear (42) in said transmission, 

36 characterized in that said electronic control unit is able to calculate the speed ratio at a next expected gear 

and to determine a synchronization speed for the engine based upon the speed ratto at said next expected 
gear and the transmission output speed, and that the method further comprises the steps of: 

b) operating a vehicle using the system provided in step (a); 

c) determining whether a manual upshift or a manual downshift Is to be expected as the next expected shift 
40 based upon system operating conditions; 

d) determining a next expected gear based upon said currently engaged gear and said next expected shift of 

step (c); 

e) receiving a signal that said transmission has been moved to neutral and identifying an engine synchroni- 
zation speed by multiplying the speed ratio at said next expected gear with the current transmission output 

4S speed and beginning to control said output speed of said engine output shaft to approach said synchronization 

f) moving said engine output speed toward said synchronization speed so that an operator may manually shift 
said transmission into said next expected gear; and 

g) manually shifting said multi-speed transmission towards said next expected gear. 

2. A method as recited in Claim 1 , characterized by the step of providing an offset to said desired engine synchro- 
nization speed of a set value such that said engine synchronization speed and said actual engine. speed do not 
match identically for any lengthy period of time. 

55 3. A method as recited in Claim 1 or 2, characterized In that said electronic control unit (31 ) periodically determines 
said cun-sntiy engaged gear by monitoring the actual output speed of said engine (29) and the actual output speed 
of ttie transmission (24) determining an actual speed ratio, comparing said actual speed ratio to expected ratios 
in a reference table, and updating a memory for said currently engaged gear if said determined currently engaged 
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gear differs from that in said memory. 

4. A method as recited in Claim 3, characterized in that the determination of said currently engaged gear Is made 
prior to the movement to neutral of step (c). 

5. A method as recited In any of the preceding claims, characterized in that the determination of an upshif or down- 
shift of step (c} Is tal<en from an operator intent switch (28). 

6. A method as recited In Claim 5, characterized in that said operator intent switch (28) is combined with an operator 
torque elimination request switch, and said electronic control unit (31) reducing the torque load between said 
engine and said transmission upon receiving a torque elimination request signal. 

7. A method as recited in Claim 6, characterized in that said torque elimination request signal and said driver shift 
Intent signal both come to said electronic control unit (31) through a single analog signal, said electronic control 
unit being operable to determine combinations of said torque elimination request and said shift intent based upon 

the analog value of said single signal. 

8. A method as recited in Claim 7, characterized in that there is a second switch (26) for enabling or disabling the 
speed synchronization system of this invention, said second switch also being connected to said single signal to 
said electronic control unit (31), and said electronic control unit also determining the state of said second switch 
based upon the analog value delivered to said electronic control unit. 

9. A method as recited In any of the preceding claims, characterized In that said neutral signal Is provided to said 
electronic control unii (31 ) through a switch (100) which Is movable to provide a positive signal of a neutral state 
of said transmission (24), and a positive signal of a gear-engage state for said transmission. 

10. A method as recited In Claim 9, characterized in that said electronic control unit (31) further monitors the period 
of time between the actuation of said gear-engage and said neutral states, and indicates a fault If said neutral 
switch (100) does not provide a signal to said electronic control unit of either a gear-engage or a neutral state for 
a period of time that exceeds a predetermined period of time. 

1 1 . A method as recited In Claim 9, characterized in that said neutral switch (100) provides a signal to said electronic 
control unit (31 ) of when said transmission has moved out of a null neutral state to approach a gear-engage state, 
and Is In a transition state and the variation of the engine speed as set forth in (f) begins once the electronic control 
unit receives a signal that the transmission has moved out of a neutral stale towards a gear-engage state. 

12. A method as recited in any of the preceding claims, characterized in that an additional speed reduction system 
Is actuated to achieve said desired synchronization speed when an upshift Is Indicated as the next expected shift. 

13. A method as recited in Claim 12, characterized in that said additional subsystem comprises an engine braking 
subsystem. 

1 4. A method as recited in any of the preceding claims, characterized In that said control of engine output speed of 
step (f) is aborted and control is returned to an operator after a predetermined period of time. 

15. A method as recited in Claim 14, characterized in that said control of step (f) is aborted and control is returned 
to an operator if a clutch (36) actuation signal is received. 

1 6. A method as recited In any of the preceding claims, characterized In that said sticit shift (22) controls components 
within said transmission (24) to manually move said components to change speed ratio. 

17. A method as recited in any of the preceding claims, characterized by said electronic control unit (31) being able 
to identify an engine parameter that reduces the torque load on the connection between said engine (29) and said 
transmission (24), said electronic control unit actuation also controlling an engine speed retardation feature; and 

driving said engine to said engine parameter which reduces torque load upon receipt of an operator indication 
that a gear shift is being initiated. 

18. A method as recited In Claim 17, characterized in that said torque reduction is provided by predicting a zero 
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torque parameter, and driving said engine (29) to approach said predicted zero torque parameter as an operator 
attempts to manuaiiy move said transmission (24) out of engagement. 

19. A method as recited in Claim 18, characterized in that said electronic control unit varies said actual engine pa- 
3 rameter above and below said predicted zero torque value such that an actual engine parameter periodically 

matches an actual zero torque parameter, and said operator is able to move said transmission out of engagement 

to neutral. 

20. A method as recited in Claim 18, characterized In that said engine speed retardation feature Is the application 

10 of an additional load on the engine. 

21. A method as recited in Claim 20, characterized In that said additional load is an engine braking subsystem. 

22. A method as recited In Claim 21, characterized In that said additional load added to the engine Is the actuation 
IS of a fan. 

23. A method as recited in any of the preceding claims, characterized by varying said engine output speed above 
and below said synchronization speed such that said enalne output speed periodically crosses an actual required 
synchronization speed for said transmission. 

20 

24. A method as recited any of the preceding claims, characterized by adding an offset to said synchronization speed, 
and begin varying said engine output speed to approach said synchronization speed, with said olfset. 

25. A method as recited in any of the preceding daims, characterized by providing a driver shift intent switch (28) to 
2S allow a driver to provide an indication of the next expected shift direction; 

determining the cun'ently engaged gear, and the predicted shift direction based upon a signal from said driver 
shift intent switch; and 

receiving a change in the driver intent from said operator switch, after step (e), and recalculating said next 
30 expected gear based upon said change In the driver shift intent, and detemiining a new synchronization speed 

based upon said changed driver shift intent and then performing steps (f) and (g). 

26. A method as recited in Claim 25, characterized In that a request for second-chance shift assistance is generated 
by the driver actuating a switch, said second-chance shift assistance Identifying an optimal gear as said next 

35 expected gear based upon at least said transmission output speed, and driving said engine output speed towards 

a synchronization speed for said optimal gear, said operator then moving said muiti-speed transmission to\«ards 
said optimal gear. 

27. A method as recited in any of the preceding claims, characterized by providing a driver second chance switch to 
40 allow a driver to request assistance in detemiining said next expected gear; 

receiving a request for assistance from said second chance switch and recalculating said next expected gear 
based upon system conditions to determine an optimal gear and a new synchronization speed at said optimal gear. 

28. A method as recited In any of the preceding claims, characterized by providing a timer for determining the time 

4S after actuation of a speed synchronization system; 

starting said timer when performing step (e); 

returning control of the engine (29) to operator control if said timer exceeds a predetermined time limit without 
movement of said transmission (24) back to an engaged status. 

29. A method as recited in Claim 28, characterized in that actuation of a clutch (36) by an operator also returns 
control of the engine (29) to the operator. 

30. A method as recited in Claim 28, characterized In that said electronic control unit (31) also controls the speed of 
55 said engine (29) after step (g) Is perfonned subsequent to returning control of the engine (29) to operator control. 
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Patentansprilche 

1. Verfahren zum Steuern des Betriebs eines Fahrzeugs mit den Schritten: 

a) Bereitstellen eines Motors (29) mit einer Abtrlebswelle (32), eines elektronischen SteuergerSts (31) zum 
Steuern der Drehzahl der Motorabtrlebswelle, wobei die Motorabtriebswelle zum Antrleb Ober eine Kupplung. 
(36) mit einem IVIehrganggetriebe (24) verbunden 1st, und eines Schalthebels (22) zum Wechsein von GSngen 
in dem Getriebe, wobei das elektronische Steuergerat mit Informationen bezQgllch eines festgestellten ge- 
genwartig eingelegten Gangs (42) in dem Getriebe versorgt wird, dadurch gelcennzeichnet, dali das elel<- 
tronische Steuergerat das ObersetzungsverhSltnis be! eInem nachsten erwarteten Gang berechnen kann und 
eine Synchrondrehzahl fur den Motor auf der Basis des ObersetzungsverhSltnlsses bei dem nachsten erwar- 
teten Gang und der Getriebeausgangsdrehzahl ermittein l<ann und daa das Verfahren ferner die folgenden 
Schritte um^fit 

b) Betreiben eines Fahrzeugs unter Venvandung des In Schritt (a) bereltgestellten Systems; 

c) Feststellen, ob ein manuelles Hochschalten oder ein manuelles Herunterschalten als nSchstes enwartetes 
Schalten zu erwarten 1st, auf der Basis von Systembetriebsbedingungen; 

d) Ermittein eines nSchsten erwarteten Gangs auf der Basis des gegenwanig eingelegten Gangs und des 
nachsten erwarteten Schaltens von Schritt (c); 

e) Empfangen eines Signals, dali das Getriebe in einen neutralen Zustand bewegt wurde, und Feststellen 
einer Motorsynchrondrehzahl durch Multiplizieren des UbersetzungsverhSltnisses bei dem nachsten erwar- 
teten Gang mit der gegenwSrtlgen Getriebeausgangsdrehzahl und Beginnen der Steuerung der Ausgangs- 
drehzahl der Motorabtriebswelle zur Annaherung an die Synchrondrehzahl; 

f) Verlagem der Motorausgangsdrehzahl in RIohtung der Synchrondrehzahl, so daK ein Fahrer das Getriebe 
von Hand in den nachsten erwarteten Gang schalten l<ann; und 

g) Schalten des Mehrganggetrlebes von Hand In den nSchsten enwarteten Gang. 

2. Verfahren nach Anspruch 1, gekennzelchnet durch den Schritt der Bereitstellung einer Abwelchung von einem 
festgelegten Wert zu der gewOnschten Motorsynchrondrehzahl, so daK die Motorsynchrondrehzahl und die tat- 
sachllche Motordrehzahi far irgendeinen iangandauernden Zeitraum nfcht idenllsch sind. 

. Verfahren nach Anspruch 1 oder 2, dadurch gekennzelchnet, dafi das elektronische Steuergerat (31 ) perlodisch 
den gegenwartig eingelegten Gang feststellt durch Obenvachen der tatsachiichen Ausgangsdrehzahl des Motors 
(29) und der tatsachiichen Ausgangsdrehzahl des Getriebes (24), das ein tatsachllches Obersetzungsverhaitnis 
festlegt, Verglelchen des tatsachiichen Obersetzungsverhaitnisses mit erwarteten Verhaitnissen In einer Bezugs- 
tabelle, und Aktualisieren eines Speichers fQr den gegenwartig eingelegten Gang, wenn sich der festgestellte 
gegenwartig eingelegte Gang von jenem in dem Spelcher unterscheldet. 

. Verfahren nach Anspruch 3, dadurch gekennzelchnet, daB die Feststellung des gegenwfirtig eingelegten Gangs 

vor der Bewegung in den neutralen Zustand von Schritt (c) durchgefQhrt wird. 

. Verfahren nach einem der vorangehenden AnsprQche, dadurch gekennzelchnet, daB die Feststellung eines 
Hochschaltens oder Herunterschaltens in Schritt (c) von einem Fahrerabsichtsschalter (28) entnommen wird. 

. Verfahren nach Anspruch 5, dadurch gekennzelchnet, daft der Fahrerabsichtsschalter (28) mit einem Fahrer- 
Drehmomentbeseitigungs-Aufforderungsschalter kombiniert ist und das elektronische Steuergerat (31) die Dreh- 
momentiast zwischen dem Motor und dem Getriebe auf den Empfang eines Drehmomentbeseitigungs-Aufforde- 
rungssignals hin verringert. 

, Verfahren nach Anspruch 6, dadurch gekennzelchnet, daB das Drehmomentbeseitigungs-Aufforderungssignal 
und das Fahrer-Schaltabslchtssignai belde Qber ein einzeines analoges Signal zu dem elektronlschen Steuergerat 
(31 ) gelangen, wobei das elektronische Steuergerat betrieben werden kann, um Kombinationen der Drehmoment- 
beseitigungsauffordening und der Schaltabslcht auf der Basis des analogen Werts des einzelnen Signals zu er- 
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mitteln. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB ein zwelter Schalter (26) zum Aktivieren oder Deak- 
tlvleren des Drehzahlsynchronisationssystems dieser Erfindung vorhanden ist, wobel der zweite Schalter auch 

5 mit dem einzelnen Signal far das elektronlsche SteuergerSt (31 ] verbunden Ist und das elektranlsche Steuergerat 

audi dsn Zustand des zweiten Schalters autder Basis des zum elektronischen SteuergerSt gelieferten analogen 
Werts ermitteit. 

9. Verfaliren nach einem der vorangehenden AnsprUche, dadurchi gekennzeichnet, daB das neutrale Signal uber 
10 einen Schalter (100) zum elektronischen Steuergerat (31} geliefert wird, welcher bewegt werden kann, um ein 

positives Signal fOr einen neutralen Zustand des Getriebes'(24) und ein positives Signal fOr einen Zustand mit 
elngelegtem Gang fQr das Getriebe zu llefern. 

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daK das elektronlsche Steuergerm(31) ferner den Zeit- 
raum zwischen der Betatlgung des Zustands mit elngelegtem Gang und des neutralen Zustands Dberwacht und 
einen Fehler anzeigt, wenn der neutrale Schalter (100) fUr einen Zeltraum, der einen vorbestimmten Zeltraum 
Qberschreitet, ketn Signal fQr entweder einen Zustand mit elngelegtem Gang oder einen neutralen Zustand zum 
elektronischen Steuergerat liefert. 

20 11. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB der neutrale Schalter (100) ein Signal zum elektro- 
nischen SteuergerSt (31) liefert, wenn sich das Getriebe aus einem neutralen Nullzustand bewegt hat, um sich 
eInem Zustand mit elngelegtem Gang zu nShem, und sich In einem Obergangszustand befindet, und die Anderung 
der Motordrehzahl, wie bei (f) dargelegt, beginnt, sobald das elektronlsche Steuergerat ein Signal empfSngt, dali 
sich das Getriebe aus einem neutralen Zustand In Richtung eines Zustands mK elngelegtem Gang bewegt hat. 

25 

12. Vertehren nach einem der vorangehenden AnsprQche, dadurch gekennzeichnet, daK ein zusatzllches Drehzahl- 
verrlngerungssystsm betstlgtwlrd, um die gewOnschte Synchrondrehzahl zu erzielen, w^enn ein l-iochschalten als 
nachstes eiwarletes Schalten angezelgt wird. 

30 13. Verfahren nach Anspruch 1 2, dadurch gekennzeichnet, dalS das zusatzliche Untersystem ein l^otorbremsunter- 
system umfalit. 

14. Verfahren nach einem der vorangehenden AnsprOche, dadurch gekennzeichnet, daB die Steuerung der Motor- 
ausgangsdrehzahl in Schritt (f) nach einem vorbestimmten Zeltraum abgebrochen wird und die Steuerung an einen 

35 Fahrerzurilckgegeben wird. 

15. Verfehren nach Anspruch 14, dadurch gekennzeichnet, daB die Steuerurvg in Schritt (f) abgebrochen wird und 
die Steuerung an einen Fahrer zurQckgegeben wird, wenn ein Signal fQr die Betatlgung der Kupplung (36) emp- 
fangen wird. 

40 

16. Verfahren nach einem der vorangehenden AnsprQche, dadurch gekennzeichnet, daB der SchaltknUppel (22) 
Bautelle Innerhalb des Getrlebes (24) steuerf, um die Bautelle von Hand zu bewegen, um das Clbersetzungsver- 
hSitnls zu Sndem. 

45 17. Verfehren nach einem der vorangehenden AnsprQche, dadurch gekennzeichnet, daB das elektronlsche Steuer- 
gerat (31 ) einen Motorparameterfeststellen kann, der die Drehmomentlast an der Verblndung zwischen dem Motor 
(29) und dem Getriebe (24) verringert, wobel die BetStigung des elektronischen SteuergerSts auch ein Motordreh- 
zahl-Verlangsamungsmerkmal steuert; und 

daB der Motor auf den Motorparameter gebracht wird, der die Drehmomentlast ven-ingert, auf den Empfang 

so einer Fahreranzelge hin, daB ein Gangwechsel eingeleitet wird. 

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB die Drehmomentverrlngerung bereltgestellt wild 
durch Voraussagen eInes Nuil-Drehmoment-Parameters und Antrelben des Motors (29) so, daQ er sich dem vor- 
ausgesagten Nuil-Orehmoment-Parameter nShert, wenn ein Fahrer versucht, das Getriebe (24) von Hand auszu- 

55 kuppeln. 

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet, dall das elektronlsche Steuergerat den tatsSchlichen 
Ivlotorparameter uber und unter den vorausgesagten Nuii-Drehmoment-Wert verandert, so dali ein tatsSchiicher 
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Motorparaireter periodisch einem tatsSchlichen Null-Drehmoment-Parameter entspricht, und der Fahrer das Ge- 
triebe In den neutralen Zustand auskuppein kann. 

20. Verfahren nach Anspruch 18, dadurch gekennzeichnet, daR das Motordrehzatil-Veriangsatnungsmerkmal das 
Aufbrlngen einer zusStzlichen Last auf den Motor rst. 

21. Verfahren nach Anspruch 20, dadurch gekennzeichnet, daQ die zusStzliche Last ein Motorbremsuntersystem ist. 

22. Verfahren nach Anspruch 21, dadurch gekennzeichnet, dad die dem IVIotor zugefOgte zusatzliche Last die Be- 
tatigung eines Gebiases ist. 

23. Verfahren nach einen:i der vorangehenden AnsprOche, gekennzeichnet durch Verandern der IVIotorausgangs- 
drehzahl Uber und unter die Synchrondrehzahl, so da& die l\^otorausgangsdrehzahl periodisch eine tatsachliche 
erforderilche Synchrondrehzahl fur das Getriebe kreuzt. 

24. Verfahren nach einem der vorangehenden AnsprOche, gekennzeichnet durch HinzufQgen einer Abweichung zu 
der Synchrondrehzahl und Beginnen der Anderung der Motorausgangsdrehzahi um die Abweichung zur AnnShe- 
rung an die Synchrondrehzahl, 

25. Verfahren nach einem der vorangehenden AnsprQche, gekennzeichnet diirch die Bereitsteliung eines Fahrer- 
schaitabsichtsschaiters (28), um einem Fahrer zu ermdglichen, eine Anzelge fOr die nachste eiwartete Schaltrich- 
tung zu iiefsrn; 

Feststellen des gegenwartig eingelegten Gangs und der vorhergesagten Schaltrichtung auf der Basis eines 
Signals vom Fahrerschaltabslchtsschaiter; und 

Empfangen einer Anderung der Fahrerabsicht vom Fahrerschalter nach SchrKt (e) und Neuberechnen des 
ndchsten erwarteten Gangs auf der Basis der Anderung der Fahrerschaitabsicht, und Ermiitein einer neuen 
Synchrondrehzahl auf der Basis der geSnderten Fahrerschaitabsicht und dann AusfQhren der Schrltte (f) und 
(9). 

26. Verfahren nach Anspmch 25, dadurch gekennzeichnet, daB eine Anforderung fOr eine Hilfe fOr einen zweiten 
Schaltversuch eizeugt wird, indem der Fahrer einen Schalter betStigt, wobel die Hilfe fOr den zweiten Schaltversuch 
einen optimalen Gang als nSchsten erwarteten Gang auf der Basis von zumindest der Getriebeausgangsdrehzahl 
feststeiit und die IVIotorausgangsdrehzahl in Richtung einer Synchrondrehzahl fdr den optimalen Gang bringt, wo- 
bel der Fahrer dann das Mehrganggetriebe in Richtung des optimalen Gangs bewegL 

27. Verfahren nach einem der vorangehenden AnsprQche, gekennzeichnet durch Bereitstelien eines Schalters fUr 
den zweiten Versuch fQrden Fahrer, um einem Fahrer zu ennnfigllchen, bei der Ermlttlung des nSchsten enwarteten 
Gangs Hilfe anzufordern; 

Empfangen einer Anforderung for Hilfe vom Schalter fOr den zweiten Versuch und Neuberechnen des n3ch- 
sten enwarteten Gangs auf der Basis von Systembedingungen, um einen optimalen Gang und eine neue Syn- 
chrondrehzahl bei dem optimalen Gang zu ermitteln. 

28. Verfahren nach einem der vorangehenden AnsprQche, gekennzeichnet durch BereitstelleneinesZeltgeberszum 
Feststellen der Zeit nach der Betatigung eines Drehzahlsynchronisatipnssystems; 

Starten des Zeitgebers, wenn Schritt (e) ausgefOhrt wird; 

Zuruckgeben der Steuerung des Motors (29) an die Fahrersteuerung, wenn der Zeitgeber eine vorbestimmte 
Zeitgrenze Oberschreitet, ohne daR das Getriebe (24) in einen eingekuppelten Zustand zurtickbewegt wird. 

29. Verfahren nach Anspruch 28, dadurch gekennzeichnet, dalS die BetStigung einer Kupplung (36) durch einen 
Fahrer auch die Steuerung des Motors (29) an den Fahrer zurQckgibt. 

30. Verfahren nach Anspruch 28, dadurch gekennzeichnet, daB das eiektronische Steuergergt (31) auch die Dreh- 
zahl des Motors (29) steuert, nachdem Schritt (g) im Anschluli an die RQckgabe der Steuerung des Motors (29) 
an die Steuerung durch den Fahrer ausgefOhrt wurde. 
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Revendications 

1 . Procfede de commande de I'actionnement d'un vehicule, comprenant les elapes suivantes consistanJ it : 

5 a) pr6voir un moteur (29) comportant un arbre de sortie (32), une unltd de commande diectronique (31 ) pour 

commander le regime de I'arbre de sortie du moteur, i'arbre de sortie du moteur 6tant reliS de fe^on k entrafner 
une boTte de vltesses d rapports multiples (24) par rinterm6diaire d'un embrayage (36), et un levler (22) de 
changement de vitesse pour passer les vitesses dans la bolte de vltesses, I'unite de commande 6lectronlque 
Stant pourvue d'informations concernant une Vitesse (42) determines, actueilement passee dans la boTte de 

w vltesses, caracterise en ce que I'unite de commande Slectronique est capable de calculer le rapport de vitesse 

^ une procliaine vitesse attendue et de determiner une vitesse de synchronisation pour le moteur, bas^e sur 
le rapport de vitesse d la prochalne vitesse attendue et sur la vitesse de sortie de la boTte de vitesses, et en 
ce que le proc^dd comprend en outre les dtapes consistant d : 

IS b) actlonner un vehicule en utilisant le systdme fourni A I'^tape (a) ; 

c) determiner si un passage manuel au rapport supdrieur ou au rapport infgrieur est attendu comme proctiain 
changement de vitesse sur la base des conditions d'actionnement du syst^me ; 

20 d) determiner une proctialne vitesse attendue basde sur la vitesse actueilement pass6e et sur le proctiain 

changement de vitesse attendu de l'6tape (c) ; 

e) recevoir un signal que la boite de vitesses a 616 amende au point neutre et Identifier une vitesse de syn- 
chronisation du moteur en multipliant le rapport de vitesse a la prochaine vitesse attendue aveo le regime de 

25 sortie actuel de la bolte de vitesses, et commencer a commander le regime de sortie de I'arbre de sortie de 

moteur pour s'approclier de la vitesse de synchronisation ; 

f) amener la vitesse de sortie de moteur vers la vitesse de synchronisation de sorte qu'un conducteur puisse 
passer manueliement la boTie de vitesses dans la prochaine vitesse attendue ; et 

g) passer manueliement la boHe de vitesses d rapports multiples vers la prochaine vitesse attendue. 

2. Proc6d6 selon la revendlcation 1 , caracttrise par l'6tape consistant d pr6voir un d^calage, d'une valeur pr6d6- 
terminde, par rapport d la vitesse de synchronisation souhaltde du moteur de telle sorte que la vitesse de syn- 

35 chronisation du moteur et la vitesse actuelle du moteur ne soient pas e un niveau identique pendant un laps de 

temps prolonge. 

3. Proc6d6 selon la revendlcation 1 ou 2, caracterise en ce que I'unite de commande electronique (31) determine 
periodiquement la vitesse actueilement passee en surveillant le regime de sortie actuel du moteur (29) et le regime 

40 de sortie actuel de la boTte de vitesses (24) detenrinant un rapport de vitesse actuel, en comparant le rapport de 

Vitesse actuel avec les rapports attendus dans un tableau de reference, et en actualisant une mdmoire pour la 
Vitesse actueilement passte si la vitesse d6termin6e actueilement pass6e diffdre da celle de la mSmoire. 

4. Proc6d6 selon la revendlcation 3, caracterise en ce que la determination de la vitesse actueilement passee est 
4S effectuee avant le passage au point neutre de I'etape (c). 

5. Procede selon I'une quelconque des revendications prfecedentes, caracterise en ce que la determination d'un 
passage a un rapport superieur ou a un rapport inferieur de I'etape (c) est prelevee d'un commutateur d'intenlions 
du conducteur (28). 

6. Precede selon la revendlcation 5, caracterise en ce que le commutateur d'intention du conducteur (28) est com- 
bine d un commutateur de demande d'eiiminatlon de couple, et en ce que I'unite de commande electronique (31) 
reduit la charge de couple entre le moteur et la botte de vitesses en recevant un signal de demande d'eiiminatlon 
de couple. 

55 

7. Precede selon la revendlcation 6, caracterise en ce que Is signal de demande d'eiiminatlon de couple et le signal 
d'intention du conducteur de changer de vitesse parviennent tous les deux a I'unite de commande electronique 
(31 ) par I'intermediaire d'un signal analogique individuel, I'unite de commande electronique pouvant etre actlonnee 
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pour determiner des combtnaison de la demande d'^limlnation de couple et de I'intention de changer de Vitesse 
sur la bass de la vateur analogique du signal individuel. 

8. Proc6d6 selon la revendication 7, caracterise en ee qu'il existe un deuxieme commutateur (26) pour actlver ou 
s ddsactlver le systdme de synchronisation de vitesse de la pr^sente invention, le deuxieme commutateur ^tant 

aussi reli^ au signal Individuel pour I'unitd de commande ^lectronique (31), et i'unitd de commande diectronique 
determinant aussi i'6tat du deuxieme commutateur sur la base de la valeur analogique fournie d I'unite de com- 
mande eiectronique. 

10 9. Proced6 selon I'une quelconque des revendications precedentes, caracterise en ce que le signal neutre est fourni 
a I'unite de commande 6lectronique (31) par un commutateur (100) qui peut etre d6piac6 pour fournir un signal 
positif d'un etat neutre de boTte de vitesses (24) et un signal positif d'un etat de vitesse pass^e pour la bolte de 
vitesses pour un laps de temps qui depasse un laps de temps determine. 

IS 1 0. Procddd selon la revendication 9, caracteris6 en ce que I'unite de commande electronique (31) surveille en outre 
le laps de temps entre i'actionnement de I'^tat de vitesse passde et I'^tat neutre et Indlque une erreur si le com- 
mutateur neutre (100) ne fournit pas i I'unite de commande Electronique de signal soit d'un dtat de vitesse passde 
soit d'un etat neutre. 

20 11. Proc6d6 selon la revendication 9. caracterls6 en ce que le commutateur neutre (100) fournit un signal i i'unltS 
de commande Sleotronique (31 ) lorsque la botte de vitesses a 6t6 d6placde d'un 6tat z6to neutre pour s'approcher 
d'un 6tat de vitesse passie, et se trouve dans un 6tat de transition, et la variation du regime de moteur, telle 
qu'expos^e d I'etape (f), commence, dds que I'unite de commande Electronique revolt un signal indiquant que la 
botte de vitesses a M d^plecEe d'un dtat neutre d un etat de vitesse pass^e. 

25 

12. Precede selon I'une quelconque des revendications precedentes, caracterise en ce qu'un systeme de reduction 
de vitesse suppiementaire est actlonne pour obtenir la vitesse de synchronisation souhaitee lorsqu'un passage 
au rapport superieur est Indlque comme prochain changement de vitesse attendu. 

30 13, Procede selon la revendication 12, caracterise en ce que le sous-systeme suppiementaire comprend un sous- 
systeme de frelnage de moteur. 

14. Precede selon I'une quelconque des revendications precedentes, caracterise en ce que la commande du regime 
de sortie de moteur de I'etape (f) est interrompue apres un laps de temps predetermine et la commande est re- 

35 tournee au conducteur. 

15. Precede selon la. revendication 14, caracterise en ce que la commande de I'etape (f) est inten'ompue et la com- 
mande est retournee au conducteur si un signal d'actionnement de I'embrayage (36) est re^u. 

•*o 16. Precede selon I'une quelconque des revendications precedentes, caracterise en ce que le levier (22) de chan- 
gement de Vitesse commandedes composants e I'interieurde la boTte de vitesses (24) pour deplacer manuellement 
les composants pour changer le rapport de vitesses. 

17. Precede selon I'une quelconque des revendications precedentes, caracterise en ce que I'unite de commande 
« electronique (31) est en mesure d'identifier un parametre de moteur qui redult la charge de couple dans la liaison 

entre le moteur (29) et la boTte de vitesses (24), I'actionnement de I'unite de commande electronique commandant 
aussi une caracteristique de ralentissement du regime du moteur ; et 

en ce que le moteur est amene au parametre de moteur qui redult la charge de couple a la reception d'une 
indication de la part du conducteur, selon iaqueile un changement de vitesse a ete Introduit. 

so 

18. Procede selon la revendication 17, caracterise en ce que la reduction de couple est fournie en prevoyant un 
parametre de couple zero et en entrainant le moteur (29) pour qu'il s'approche du parametre de couple zero prevu 
lorsqu'un conducteur tente d'amener manuellement la boTte de vitesses (24) hors d'engagement. 

55 19. Precede selon la revendication 18, caracterise en ce que i'unite de commande electronique varle le parametre 
de moteur actuel en dessus et en dessous de la valeur zero prevue du couple de telle sotte qu'un parametre de 
moteur actuel correspond p6riodiquement e un parametre de couple zero actuel, et en ce que le conducteur est 
capable de debrayer la botte de vitesses au point neutre. 
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20. Proc^dd selon la revendication 18, caracUrls6 en ce que la csractdristlque de ralentissement du regime du 
moteur est rappllcatlon au moteur d'uns charge suppl^mentalre. 

21. Proc^d^ selon la revendication 20, caract6ris« en ce que la charge supplementalre est un sous-syst^me de 
s freinage du moteur. 

22. Proc6d6 selon la revendication 21, caractirisi en ce que la charge suppiSinentaire ajoutte au moteur est I'ac- 
tionnement d'un ventilateur. 

10 23. Proc6d6 selon I'ure quelconque des revendlcations prec6dentes. caracterise par la variation du regime de sortie 
du moteur er dessus et en dessous de la Vitesse de synchronisation de telle sorte que le regime de sortie de 
moteur crqise p6riodiquement une vitesse de synchronisation actuelle requise pour la bolte de vitesses. 

24. Procddd selon I'une quelconque des revendlcations prdcddentes, caracterise par le fait d'ajouter un decalage a 
IS . la Vitesse de synchronisation et de commencer d varier le regime de sortie du moteur avec le decalage pour 

a'approcher de la vitesse de synchronisation. 

25. ProcSdd selon I'une quelconque des revendlcations pr6c6dentes, caract«rls6 par le fait de prdvoir un commuta- 
teur (28) d'Intention du conducteur de changer de vitesse pour permettre au conducteur de fournir une Indication 

20 sur la prochaine direction attendue de changement de vitesse ; 

de determiner la vitesse actuellement pass6e et la direction de changement de vitesse, pr6vue sur la base 
d'un signal provenant du commutateur d'Intention du conducteur de changer de vitesse ; et 

25 de recevoir du commutateur de conducteur un changement de I'intention du conducteur, apr^s I'etape (e), et 

de recalculer la prochaine vitesse attendue sur la base du changement dintention du conducteur de changer 
de Vitesse, et de determiner une nouvelle vitesse de synchronisation sur la base de I'intention changde du 
conducteur de changer de vitesse, et d'ex6cuter ensulte les stapes (f) et (g). 

30 26. Proc6d6 selon la revendication 21 , caract6rls6 en ce qu'une demands d'asslstance pour une seconde tentative 
de changer de vitesse est engendr6e par le conducteur qui actionne un commutateur, I'asslstance pour une se- 
conde tentative de changer de vitesse Identlfiant une vitesse optimale comme prochaine vitesse attendue, sur la 
base d'au moins le regime de sortie de boTte de vitesses, et qui amene le regime de sortie de moteur vers une 
Vitesse de synchronisation pour la vitesse optimale, le conducteur d6pla9ant alors la boTte de vitesses d rapports 

35 multiples vers la vitesse optimale. 

27. Precede selon I'une quelconque des revendications pr6c6dentes, caract6ris4 par le fait de pr6voir un commuta- 
teur pour la seconde tentative du conducteur pour permettre au conducteur de demander une assistance pour 
determiner la prochaine vitesse d attendre ; 

40 de recevoir une demande d'asslstance du commutateur de seconde tentative et de recalculer la prochaine 

Vitesse attendue, sur la base des conditions de systdme, pour determiner une vitesse optimale et une nouvelle 
Vitesse de synchronisation dans la vitesse optimale. 

28. Procedd selon rune quelconque des revendlcations prdcedentes, caracterise par le fait de prevoir un gen6rateur 
45 de rythme pour determiner le temps apres I'actionnement du systeme de synchronisation de vitesse ; 

de deman-er le generateur de rythme lors de I'execution de I'etape (3) ; 

de retourner la commande du moteur (29) e la commande par le conducteur si le generateur de rythme depasse 
50 une limlte de temps predetermines sans que la botte de vitesses (24) ne revienne dans un etat embraye. 

29. Precede selon la revendication 28, caracterise en ce que I'actionnement d'un embrayage (36) par un conducteur 
renvois egalement la commande du moteur (29) au conducteur. 

55 30. Precede selon la revendication 28, caracterise en ce que I'unlte de commande eiectronique (31) commande 
aussi la Vitesse du moteur (29) apres que I'etape (g) a ete executee e la suite du renvoi de la commande du moteur 
(29) e la commande par le conducteur. 
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